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erologous cellular systems, mostly using human embryonic kidney 293 (HEK293) cells. Although this approach has allowed functional characterization of arrestins, GRKs, and other associated proteins, direct extrapolation of results obtained in these model systems to physiological GPCR responses in the CNS has remained problematic. For instance, stimulation of -opioid receptors (MORs) by morphine in HEK293 cells does not trigger rapid receptor phosphorylation and internalization (Whistler et al., 1999) . In contrast, nonrewarding opiates such as D-Ala 2 -NMe-Phe 4 -Glycol 5 -enkephalin (DAMGO) and methadone provoke rapid internalization of MORs, suggesting that the abuse potential of morphine and development of drug tolerance may come in part from a lack of receptor internalization (Whistler et al., 1999) . These in vitro observations suggest that GRKs and arrestins should play a small role in regulating the effects of morphine in the CNS. Paradoxically, mice lacking the arrestin family protein ␤-arrestin-2 (␤Arr2 knock-out) display enhanced behavioral responses and G-protein-mediated signaling in response to morphine (Bohn et al., 1999) . Moreover, these mice fail to develop tolerance to this drug (Bohn et al., 2000) , indicating that ␤-arrestin-2 does indeed regulate morphine responsiveness in vivo.
An article in The Journal of Neuroscience (Haberstock-Debic et al., 2005) provides a set of interesting observations that could help to solve this imbroglio. In a previous article, these authors showed that systemic morphine administration triggers a redistribution of MORs reminiscent of receptor internalization in the nucleus accumbens of rats (HaberstockDebic et al., 2003) . However, it was not clearly demonstrated at the time that MOR redistribution resulted from internalization, and the possible contribution of endogenous opiates to this phenomenon was also impossible to rule out. Haberstock-Debic et al. now substantiate these findings using cultured rat striatal neurons.
The authors showed that both DAMGO and morphine cause a redistribution of endogenous MORs in cultured striatal neurons [Haberstock-Debic et al. In what can be considered the key experiment of the paper, Haberstock-Debic et al. then established the role of endocytosis in MOR redistribution. To achieve this, striatal neurons were transfected with an extracellular FLAG epitope-tagged MOR that was detected with a calcium-dependent anti-FLAG M1 antibody. Labeling of tagged receptors before drug treatment allowed the authors to follow the redistribution of surface-expressed receptors after stimulation. Like endogenous receptors, tagged MORs were redistributed in response to morphine or DAMGO [Haberstock-Debic et al. (2005) Internalization of MORs in response to DAMGO in HEK293 cells is dependent on ␤-arrestins, whereas overexpression of GRK2 has been shown to allow morphine-induced MOR internalization in these same cells. To address the function of arrestins on MOR internalization in striatal neurons, Haberstock-Debic et al. transfected a hemagglutinin (HA)-tagged dominant-negative ␤-arrestin-2 C-terminal fragment (HA␤Arr319 -418) known to interfere with receptor internalization. As shown in the last figure of their paper [Haberstock-Debic et al. (2005) , their Fig. 7 (http://www.jneurosci.org/ cgi/content/full/25/34/7847/FIG7)], expression of HA␤Arr319 -418 prevents MOR internalization in response to both morphine and DAMGO, thus confirming the role of arrestins in this process. Finally, in an attempt to explain discrepancies between striatal neurons and HEK293 cells, the authors compared the relative expression levels of ␤-arrestins and GRK2 in both cell types [Haberstock-Debic et al. (2005) , their Fig. 7G,H] . Their results showed higher GRK2 expression in striatal neurons and the possible expression of distinct ␤-arrestin isoforms by these different cells (Fig. 1 B,C) .
The results presented by HaberstockDebic et al. strongly demonstrate the involvement of endocytosis in the redistribution of MORs in response to morphine in striatal neurons. A weak point of the study is that the exact molecular mechanism leading to differential morphineinduced MOR internalization in HEK293 cells and striatal neurons is left essentially uncharacterized. Measurements of expression levels for other GRKs or the use of an RNA interference-based strategy to explore the role of GRK2 in neuronal MOR internalization would have nicely complemented this work. Differences between the observations of HaberstockDebic et al. and previous observations made in other neuronal populations (Whistler et al., 1999) , as well as the low levels of endocytosis in proximal axons of striatal neurons, also suggest that various neuronal types or distinct compartments of the same neuron may differ in the regulation of GPCR signaling. Overall, this article addresses a major issue in the field of opiate addiction and may explain the discrepancies observed between previous heterologous cell culture and animal studies. Biological systems are complex. The work of Haberstock-Debic et al. underscores the need to explore cellular signaling mechanisms in relevant cell types as well as in vivo to avoid potentially erroneous conclusions from studies conducted in heterologous cell systems. , and striatal neurons, expressing high GRK2 levels along with ␤-arrestin-2 (C), may explain differences in MOR endocytosis in response to morphine in these cells.
